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ABSTRACT 



The Jnveation djsdoses pH-cowtroIUag <!evicce thsit cotu- 
pdfie fi biodegradable polymer and a pH-conttoUing 
subBtaficc, particiilasly as aUcalisR, addic or buffccuig ageat 
By way of exan^, eqcfa alkalixio agcms include calciDm 
carbonate and sodium bicarbonate. Mclbods of prepHrinE 
sucti devices m also dcsoibed. Me^bods fox athandn^ 
l^jooonipatihiliiy of an implanlable device are ako provided, 
as nentr^lizia^ aDcaiiDC oaatcrials arc lelcased at a rate that 
offsets dunces in pH Really observed a:; polymers 
degrade to various a^dic or aB&Qjne by-products. By way of 
exampilA, biodegradable polymery indude H^A» KIA, 
polycqarol^cioikc; copo^yoijen thereof, or nnxtnt^s tfKzcof. 
A new tedmiqao is also disclosed to increase fee saifaee 
poxoo^ of porous unptaats which bave a ivndency to form 
rebitively iznpQnneablc covczing&'.Thls tecbfkiqcie e^Unils tbc 
lue of mechanical means tg remove ac least part cf said 
covering, thus iocicaslng the io^nf s siuface porosity and 
pfflneabhity. 

19 Clauii3i 5 Drvwini; Sbeeta 
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jl^^fgjj^^'^'''^^^ polymer degradatfoD proent « 

d««=« Tl,clirveatioiiaboreb.i«iotlKfiddaf^S^ de^ a» mrt io the dfedosed 

devKMa Aat legulate tbe sairomdiiig pH. MeS (br k:Jj^^. '™'*'^''*^'=^''w^«> *««&si6pHducto 
pt^»iagaqImfJa«aMe device McaUo related to the fidd " brcoWQwn products in p«t 

«r the present invenliQD. Addiiioiial metfiods far enJiancinE f^^S^ ^K.*? "™P<«^n» and methods of the ptes«t 
tte IfocompaiibiBty of an iinphuifahto de™, aie also dis- ^h^J,?^ »>yc^ta^ hive fpund thai ifae iadBsiaii of a 

aiadie substance or r bnlTering ngent, kctadod wiflTthe 
BACKGROI)MDOFTnBlNVENn(»I '*?'*8Mdahle pdynw, wOl hindir shi^ 

Bi-id^E^hle polyDMis. sueb «g those beloiiriitt m .i« TS-'* """"^ By tod«dins a 

ai«il)r of poIylaSc^ acid (pSo^d^ iSSc S5"Z "^"^ "f*^ ^^ly™^ 1*^ «f 

^OA). «ew£ddy ^Mforfld^.ingtSfet^'' bep^iorpLTli, tedmique will Z 

palynier scaffolds), and hieaac £xRtioi in medi^^ ^ «« rallied aecwdiag » He various 

swdied bott. w vivo «d in >itta it has b^n «™S^^t .„,i"jf^^'^*''^'^*"'fl'«J*I«*nt,trfcd^^^ 

dci^Unon. these materials release addic tar-wM^ f!'^"'^^*;!"^ restcfiieing. la iW, aspect, ptiniaiy or 

whif*aenentier«JieiilearfioxTliBaddeyiaeand«e«dn«d ^""It "* mesenehymal sleni cells or 

10 /Mrlwn dtoxfcte atid xrat*. *®"'''<>«yto.MecutaiiedondJicsQfbiodefiradaWenoIv 

Haste subsiancei, ™ch as calcium carbonate and S"ch 

hy<lro>yapaiite. havcbeea described toT«r«S.A^ ^ t^i^*'".'^.*'™ 'O"*^ ™* «5A 

Ufcraiiwinav4rieiyof«»Kc8tioni.F(>r«^iK^ " to dLUdetcr, with the ^»sh bcinj 0-1 to 

dc,cEtt«s a peananL jJiSt S^I^S^ mS^^ I ^S^" " ^ "SAm^ aid a void 

widi nJchmc^nalc aBdhydr-^ab^^^H^ J^paration and use of polymer 

onptoys sodium hySe iTmtool^ i^: » a5w '*""^'^«=8^«*'»g»'''^<»5 of 

sodto. hydwmde providing for ^Ij^S^^-^ ?^ "^"ibed in fteed et a], "Joint Rc^I 

sph,*c core JiiatetiJi«leaic^ie E^iJ^^yi^^ Chondrocyte, and Synthetic S. 

aL reters to enhancing drog loadina effidcocv of PI a « . and Freed et al., 

i«™.Tartidesbyudns7,avox%»toeb4a^^ f^^'^*^^^^P'=?^''^'^^'^'"«^^B>n^^.« 
pH ,m «i«caus base. Baaic'^st^rSTt^b^n °^ incoipandodlE^b;, 

solnMli^ of an active ingredicnL ™« .'^f''™^ '"i^^ <>f fte iwcntlon provides a nielhod for 

Siivejal shidiea haverepoited on die effects of nW rh.™* ^H'T^ "'■"^ " pH dianses 

wift iDiieaaingpH. -w.J!™orp«}rnieriTOsslo« <^<^S™*lantbl0D«i^)aia)aity. Because a pB «^ 

inii>lijiiahl6dertce6oinbioalttiowncfPLA.aiidl«Aii»=tr _m'-"a«i wun tncjKjymec 

down ha, also been augg^S^T-iS e^^e^^e " i^tJ^^^JX^"^"^ » ""^o- f"' 

infl«.«»Eitiou andtissuo da,uge*' HowcvcT^^^t^n .s""^" pH shifts aurouading a biodegradable 

that c«xr in vivo witb pOlyLr i^f^^Xn W S^^SZ^.k " J^^'' P^dJi 

noztKienreportedtosifinia^^i^^",^;^ nSt^t'?tr*'^'="^'^'*J'*'^'^^<>f 

0fhlcodcompnue„ts.R,reKa4ie.VaselTS^"r*S » foS^^SS? S^'T* ''^■^'^I'* P«»^^ 
"nomjai-reautoforblood^^enis^d add baselS^ 

anco In vivo with iarolanted rods of the WrjJZ^w. '{^f r:™"','^?**=''^^™vn»nii>enttluti»iUde^ 

Kiy.Aji.Etnoafci odis or m a htotogical fluid. Became the pitooniKdling 
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subslance of the device is released as ihe polymer dcff ades, Where the alialiae agnrf: of choice h sodiwm Kcaibouate, 

sliffici IE ftfi pH fiajnoimamg the polymer vm be iuhiMtwI, m mDoant of about 1% to about 9>* by volume, or in ochcr 

aiid itocfote 5 idatiydy con^t pH tnay t« achiwed. 1« emhodimciits of about 5% to abora 50% by vojuinc of the 

juWiUc^b^aal^ ^ ^^^^ ^^^^ 

ci5x>:ted tbai the psable life <rf devices fashumed and caed nfi\v„iJ^Z^^^A ^^m^^^^^a ^-^v* 

accoitHng m rhcpresent invention win j^onged, 'nK:ac ^^^^^^^ addaod polyla«ie aad. 

features will tfaiSE cQh^DM the Scope of application of Ihese " «™dmcnts, the nUcHlmc substance is caldmn 

and 4)thef polyrocr-basod onhopaedic tn^lnnlgblcs devices, caAonafc. This alkaline sahstance may ba indudcd with the 

as wi:U «3 implants cay loyed for the delivery of pihanna- polyniftf In ampmits of about 1% to aA>0Dt ,$9% by volume, 

<;olo£;icplIy active snbstanocs. ^ o*** embodiments about 5% to abgirt 30% by volumfi 

In a further aspeca^ thfc invenHoQ provides a mftthodfpr *^IwlynieiTIiia wnldpfovidc imffideiitid^ 

Mihaiidqg sTiiface pofoaiiy of an Imj^lnnt comprfsing icnwv- s^^JstaDces to affiset a tapid decease in pH in the presence 

ing ai; least part of an impermeable covering mm or "ifcin** ^ polyiner taakdown jralucts. 

^<ym at least onz sadact of the infant The removai of part ^ cmbodiiDfiats of the iizvention. salts of the 
or aD of the covering or "sldn" may be accoinpliahed by ^ selected alkaline flnb5taiice(s) jpay be induded wifli the 

mhny differed techmgues. By way gf cxan^e^ such may be polyintti 

at:faic (vdbycuttingAWBy the eodresildn coveting of a de^ The alkaline, acidic, or tMiffi^og sobscance is to bo 

using a metal impleikiezit having a shsxp edge 9, size induded wiih ^e polyMcr in an amount and association 

sufficient to remove the outer I^er of the device at once. As suitabk to allow fte release of the mat^ol at aiate snffidcnc 

nsed ;in the descdptioa of this method^ the teem "covciing" <o Tnainftri n a relatively physfologicil pH (about ^0 to aboic 

dcEined as an impenneaMe or semi-penncable skb, S-O pH) sturouqdtiig the implantable device, 

ittimlifane; or film, that partially or oompletely impedes the Exanqple^ of particular alkaline sohgtanccs that may be 

cgresi; and/or iagrcss of subst^iccs. Removal of (he ''sifcin^ indiided with the devicea of the invention indudc calcium 
or otfai^coveiing&am at lea^ one surface will thus provide ^ carbonate, sodiam bicarbonate, calcium, hydroxyap^ilc. era 

a aiirple and incKpen&ive method of cnhanciiig surface mixtuie tlteccof, as weU as other sftlta of these particular 

potoflilty. The defioobcd polymefic "Bkin" or layer often substances. In cmc«Daibodi2zieDt, die allcaline agent of choice 

fbims at the surface of a polymmc cylinder or otberdeviccL U calcuim cubonatc. Where the selcacd biodegradable 

AJliafiac substances, acidic Aubatanccs and hiiffic ring polymer is a eopgilymer of 50% ^ycolie add nnd 50^ 

agisnti- ooDsdtutc particular classes of p^-controUiiig stit>- po^Iacdc acid, the amount of alkaHiie calciimi carbonate to 

stances of the invention. Many different alkaline and acidic ^ ioclnded is between about 1^ to 99^ by weight, or in 

agtintty as well ^ salts thereof « maiy be eaiploycd in ooo- othc^rcmboditiiejats about 5% to about 30% by vobme of the 

jLUiction with the tiodcgradahle polymer. Alie^fae agents biodegradable polymer. In' stQl other embodimeoitfi. (he 

are; pn:fciably non-toocjo aod suitable fm: combinatfou with a alkaline substance is aodium hicarbooatCL 

bk>dei?^dafalcpolyrner,siidia5polyla«iottcid,polyElycaUc 35 Whcm the implaniaiblc device fnciadcs a biodcgtadable 

add, polycapfoLiCBOncv copolymerii thereof, or mixtures pcdymcr that pfodOccB relatively alkalliic dcgradatioa 

thereof. By way of mmplo^ alkaline agents that may be products, aa addic substance would be uiduded to maintain 

nscid m die practice of the invention indudc caldom a neutral pH..Such acidic agents include by way of aample 

cBibortate, frodiuiA bicarbonate, caldum hydrozyapaiite, calcium huiatf^ This and odicr Don-^oxic acidic 

juulAir sales of these substances. Jh addition, any cwnbina- ^ be employed together wiiii the described pH controlled 

tioii of these and other allEallne substances or tlie^ salts may impHantable device in amounia sufiScfcnt to g^ct changes in 

be Dsel. In some particular embodunenlSf the alkaline agmt pH caused, by alkaKne x»iym«r ttfcakdown prodqcts. 

Is s odimnbicarbonatctt salts thereof. Other embodiments of the described pH concroUed 

AcvHea^cQbtjiuy al&obciQcoq>orated^ntoabiode^d- implantabilc device include a pharmacolo£[CaUly active 

sAH^ palymer in iSw practice of (he present invention. Of 4^ agent. "By way of exaroplc. such agents inclade 

cotiiiBC. acidic agents that arc non4oKic a^d amenable to antiooflgulaots, antiKotics, antiinflammatories, analgesics, 

nwLture with a biodogradahle polymer atti pficfcired, hoimonfia, biocnginedred cells, and the like 

Wtua& the particular polytncr produoes breakdown prod^ In ^particular embodimoiit, IhepH controlled iiz^>lantable 

uctj with an overall acidic aatmc, alkaline pH controlling dcrvice comprises the blodegmdablopol^rxiijcrpoiylaeiic add, 

substances would be inocxporated into the polymer pro- 50 potys^ywlic acid, polycaprolaccoaB. ccpotymets thereto, or 

vidt tlie pH iBgnlKting effect dcsoibcd hermn. By way of mixtores th^egf. Among these, copolymqcs of polyladic 

example, biodegcadatilc polymers that produce relatively add andpolyglycolic add are most pvtLcuhirly prcfmed. 

ad<Iic iMtafcdowu products indade polylactic add and The in^Jantable devices ofthcpresentinvcntion may take 

pol:iffi^:;coiic add. In particular cmbodijttcnts, Ihe hiodcgtad. a variety of diffenat foons, depending on their initndcd site 

abLs palytncr of die daimed mefliod is a copdymer of 55 of obc By way of ajtan^, the devices take the fonn 

polyJas£D add andpoly^lycoUc add, sndi as in a SO^S/SO^ of a bonepiothesls, drug delivery device, oral implant, (such 

copolymer of polylaccic acid and pplyglyoolic add. Other as implantable toorh replaccmciit). fcicmrc fixation plate, 

biwfcBfadabk polymers that yield breakdmvn products with pin, sacw. etaplo, nail, scaffold f car tissue groftlh and 

a iciatavely acidic dwracter indnde polycaprdacipne, integration, fiumrti, fibo, and Kwshner type biodegradable 

!tii tliese embodiments, an alkaline or aTicaK>i(i^ inlcasing 60 whrefi. However^ &ny other in^lnntafale d&vicc that may be 

sub:stari^ would be induded with the po^Tmcr. In soidc modified to inctqde a biodcgradaldo poiyma having a pH 

embodments, this alkaline subjsiajLcrcis sodhonbicaibonate, controlling substance may also be made according 10 ihc 

and is mduded with the polymer ip an amount snffldeut to present ibvcntion. 

achi^rtrc: alkaline material release commensurate with the rate The present invention al^opiovides a process whcwby an 

of iiciflic polymer degiadaiion product. The result is an 65 implaocable pH controlHnfi device may be created. In one 

effe:?ti'\c prevention of wide pK variation in the environment cmbodimeot. the process comprises combimiig a blodcgrad- 

dircctlj sunotinding the polyitoedc dcvicd. able polymer and a pH controlling autntance to form a 
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xuilxaire; wd formiiig a biodegradable implaQxable FIG. 3— Lo«s in molccubf Wcigiht of iuipUhts as a 

pK-ctwtrblLed 4Qvict froni sai4 mixture. lii i^cular ftmctioii of toxte. Comantiol; CC=calduaL catbenatc; 

ds;pcGr:s, the biodegradable polymer is k mjpoiyioa: of jpoly- CH=calcitmi byditxyapatite; SB^odlum htcarbonam. 

lattic acid and |»Oly^oolie add. The pH comr^ ^ loss in wt% between vaiioqs coortnios at 

stan^^ oftfaedevuB may comprise an alk^ 5 3 Tveeka* 6 weeks and 9 vccks. 

atidic substance or a bufiSaing agent, dapending npoa the ^ - * ^ ^ « . ^ j A«f 

uaa: of &b particular biodegradable pofcrna- employed, (P)^ ( 0), 20% (O), 30% (A) CaCO^ 

]toHably, ttbB ^'^'^PH -^P?*"^ .^'^^^"^^^ DETAILED DESCRlFnON OFTHE 

aft attalmc nataft, and are included ^wifc poly^wn that PKEEBRMD ElVCBODIMENTS 
icDdei relatively addic pdytn^c breakdown productji. Htd 

most jffe&trcd alkaUn& substance to be employed wilh fhii "Hie present invfcntioa pwvidcs both devices and methods 

da!s cif poitymcrs is sodliam bicacbonate. of csnploiyiag said dtvicos for xcgplatlng pH. Ibia is Rccotnr 

In atill other cmbodimaats. devices paiticuMy snltablc phshed by propailns a mixtare of an alkaline, aadic or 

farioBfi-tcxm(e.g., l-wcckto2ycars)ii«7plaDtuaemiiyhe ij bufiferinfi: wbsranoe with a biodegredable polymer, and 

febticatedthfltinclndftsefficieiit amounts of ^obiodcgrad- fxcyaiiiig an impilantaWc device with the mbrtflrc The 

ahl*; p4ilyiiiGt and pH-comroDiiig aubsfsmces for the desired miXtans may also iwawdc a phaimacblogically active agenL 

lenj^ of pH control in vivo. Sndi embodiments are par- The inrentLoii also pinvides mettiod& for prcpailiig such 

ticnlady advantageous in the ooostniction of long tcon devices, as well as methods of using these dcfviccs to 

imflanta. such as ftaccure flxatioa plates, sctews, nails, pins 20 ™banct; the bloccmpatlhility of an implantable device ovex 

and tht) liloe. clinically \i$cM paiads oT time. 

Beciiisc decreases inpQ saorooadlng tnod^gnidHblcpoly- These and othcx aspects of the invcntiOA will be iUnstrated 

nuiicclcvices.^qch asthoae coni^&cdofpolyglycQlkaa in the follQwing; exac^es. However; these examples aie 

andpdylActtC acid have betmassoelaijed with adverse tissue Intended to £llu&(iate specilic cxubodancqls of the prewnt 

tesp'oui cs, the present invention may also be employed far 25 invention only. Thaso skfUed id this AM wIQ recognize that 

TTwn ltyxiTing tljcw adverfietesponsea at 1^9 site of an inaplanc, xouodMcations could be made to the dUdosed methods and 

as vrdl as for enbajicuig the blocoii7ab*bili^ of a polymer thai other applicaiioju would icqiain within the scope of the 

iu^jani. as already deisoibed. Conscqncntly, hcaUng nUc proscot invention, 

about t!w tm^\^«tr^ devioe may also be cnhaaocd. In one crvAx^m ts 1 

partpular embodiiMnt, the method fos enhancing htoopm- 30 EXAMFLH i 

patilimty of a hdodcgradahlc polyuuar device c«nprises RadcatiDn of Polymeric Implants 
ind^tdixtg a pH controUiiLg substance with the biode^dable 

polyme- ctf ifac device. 1** present ^wmfde dewiibes fhe incotparation of matc^ 

niisparticalaramoants of thepH controlling agent (e-g, .ri^^ with a basic nature (pH>7.0) in inqjiants faibiicaied 

idia]liBe.fliSdic,« buffering agent). TO be included with the 3s f«im prfymers or copolymers belouglag to the famfly of 

hZDd=gradah(e polymer win depend upon the patticqlar pcaylactic and polyglyccdic adda. Thia idea can be in^ 

cbamctedrtic rate* gf degradation, and amw propertiM, of rxitini^d in several ways, trf is described bdow: 

the specific biodcgradablB polymer uged. Breakdown kinctr Asolutlon of a 50:50 PLA-PGA copolymer was prepared 

ic* tilt hiodegradablc polymer? cunently eoiployed arc weU in acetone, Aftecnativciy, methylene chloride or chlorofcHm 

knowm i.c those of oidinaiy akSll in the art, as noted in 40 maybe iised t^jprqiare ihepotymof. The pclymer was then 

Gliding ct al. (1979).*^ Ttiis icftrencc is spcdflcally incor- predpatatcd in edianol AHmiatilveiy, the polymer may be 

pomied hatdn by reference for its teachings of peJymcr pcreciintated in mefluoiol or other alcohol. Tb& ^ecipitaie 

jrodHCticia and polymer charaetoistics. was cinraaed and the basic salt (30 percent try volume with 

This infonnatiOA weU kntwn to thoic skQl in the art, inspect to iiolymer) i* then toUedtoeadcd into die polymet 

together with the teachings of fteptescntinveHtiott, provide 4S The pofymer was tlienpac±cd into a mold and dded under 

sufficieat direction to the aitisau of ordinary skill regarding vacuum to yi^ the iniplant 

4e ij^plicadoD and use of tbc presfeftt inventian with many Upon degradatloa in vivQ or in vitio, the FLA and )PGA 

diflerejditpolymers. Together with the iofonnatioa provided polymcra in the zmplam will release lactic and glycolic 

in the (uescnt disclosure, spedally tailored polymeric aeida, Simultanconsly, die ba^c salt will dissolve in the 

devices xoay be ^Meated^atiikihidcappcQpnAto amounts 50 sturounding mediaandneutralizefhe adds in tte vicinity of 

of an alkaline substance^ acidic submsce, or buffering the implants. 

^cnt, sidScieDt to adiieve a calculated pH mainishing In dic«c ImpUats, the pH-oontrg(Uing malcdal is evcnfy 

dOrect Of cr a dcs^cd and thcfspeutically ttseful pexlod <if distobiLted thfoughout the device. Methods fctr preparing 

time. these implants constitute still anotbcr aspect of the invcn- 

llii^^o and other aspects of the invention arc miDreluUy to tion. 
be a(pprE;iated in of the detailed dcscriplicm of tibe 

prefaced embodimonts and figures. EXAMPLE 2 

n OTgp DfiSCRIPITOK OF THE FIGURES In Vitro RegflJation of pH 

nCE; Ifik and FIG. IB — Schrmntic flow ciiart of biodc^ so Hie present exaiqile provides an in vitro study offset of 

^adalfle tO^-PCA po^yzDer implant without an alkahne changes (pamcubaly decie&cs) in pH surrounding a bio- 

(baslc'l siibstanoe (FIQ, lA) and with an aUoJine (basic) degcadable polyroa pcovided by incoiporadon of salts with 

substance (FIG; 13). a basic nature within the implants, 

nCr. 2--ChMge of pH as a fnncdon of degradation time: matrrTaI*: ANn immOD^ 

CNcoiitcol (no aHcaKno substance); 0=^qEum carbonate 6s MATERIALS AND MEvnoD^ 

(CQ; 0==calcinm hydroxyapadte (CH); and a Sodium Biodegradable Implants were fabcicsatcd using a 50:50 

bicarbonate. PLA-PGA copolymer with inherent viscosity of 0.71 dVgm 
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mill ^^iglit averse molecular wcdgtit of 33 Id?. Himc compared to 3.0 far tlic coatidl ?oap. liapLints contaiaiDg 
iinplaiits were divided into 4 groups: a control groop, and 3 CC maintained tbe pHTalue between 7.4^^3 throu^bOQtttifi 
tcs t groi^ps ccsrcspondLng ixi 3 basic «a]U: c^lduiu cmboo^ic dcgradatioii pioccss cf (he FLA-FOA copolymer until com.- 
<CQ. sadhimbicmlyoiiate (SB), and calcilUn bydroxyapatilc ^tt£ dcgnidalicp V^as acfaicrVGd. ^plaaits CH and SB 
(Oil), Badi of tbew groups were fUdiicrsobdivM^ 3 controlled the pH values between $.^.3 and 8.2-4^ 

se:t5a[n^aiidiiistotestpeiiadsafO,3,6,Hnd9t3*fi^^ Tci^Mctivdly. Thus, the results of this study show that a 

fal^fxciition (be poIyincT was dissolved in acetone and pre" decrease in in the vicinity of PLA.-PGA implaDta can be 
dpiljiisd in ethanal. Next, tficreagent quality saltH (30^ v/v) ciFectivety CODVOUed by incocpoTA^g basio salts. Tbns, the 
were ^M^dcd to tbc ' gummy polymci' and the polymcr-sslt ddoterious effects of sudi inqilants repeated by other 
co)i^cisit& was pqckesd iqtt) molds, and placed under 25 10 researcfaeirs related to a de<Tease in pH m^ be offset minf 
mlbir vacuum at lOom temperatme for cDiing. The ooaitoI ihc prcgcptly <^c^oBed tedmlques. 
«pcdnicai5 did not contain any salts, 

l?ric!r to testing, the mass of each ^ecimen vras lecoidcd. nAAMr 
Ncsc each qjccimcii of the 3, 6. and 9 wc<^ sete was p^^^ EnbiDciDg Smfaoc Porosity of a 

muneised in 10 nd of distUIed water and audBtalned at 37<» W Biodegradable pH-ControlUnc Device ' 

C th« pB of the water was monitarcd every 2 days. At the 

en<l of eacb test poiod, the specimens were Nmoved^ dcLed It is well known that the fabde^on process for psepaing 
in :i vjicmim, for 7^ hoars aud then analyzed for change^ in poTOUS poilymetic devices (evg„ PLA-PGA) often icsnlts in 
mass, molecular wel^t, mechanical pcopertieSf and surface the fonuatiou of a rclaiivdiy impcriDcatlc and non-porous 
mcipliology. The molecular weight of the pdymer was 20 outer covering or "fildn'\ While thi< ''sJiD'' does not destroy 
esthiiined using gel pcmLcatiop chromatography- The tlic imcraalJy porous structure, it aeates A problem beouiae 
mechanical properties of the specimens were MCasuicd it impedes to varying dcgtccs the passage of flinds and other 
un<lcx :iccp conditiQiis using an automated indemaHon appa- substances into and out of i^epaxext^ initenial stnlcture of the 
ratijs. Xwlymct lliufijt is desirable to devise a fibncation process 

25 tfadt aclvc^cs a nzuloxiiily poFouB and permeable hx^iiant 
RESULTS Accoding to the presently de&cdbed tcchii£c[uey enh&need 

The pH of du= water of the co^txpl ^^cd^ia remained P™^cy may be achieved by removing all or a 

reliflivdy constant up to 3^ wccto followed by a rapid P'=^° « noi>-poroa» skra . 

dwTcasc until ^OHtaiatoly 7 weeks C^G. 2). Thz SB A new method to increase liie surface porosity of porous 
spc dnieni exhibited oafy a smaU decrease hi pH np to 5.5 devices treated or aeated withpolymeiw: raiir™l3 has been 
weslc*. HowcY«r, between 5.5 and 7 weeks thci© was a dcsigiicdTliisisparticulaflyiinpoitantinthe conteHof the 
»igaifi=aat decrease in pH fonowed by a relatively constant present invention, as the biodegiadaUc polymcnc deuces 
ralue thcxpaftcL The CH BpccimcDS displayed a finear will more icaday adapt to and control against pH shifts in 
de<irease in pH up no 9 weeks. The CC spedmenfl exhibited the environment where sxurfaoe poxnsity is maximized, 
an afii>ro«matcly linear but small decrease in pH over the In the prcEent example^ a ^0^0 PLA-FCb\.pQrous impLant 
entac teat pcdod. was prepared as definedin exa^izple l,The pdymcr included 

shown hi Table I, the SB specimeos exMhited the an allraline pH controUing substance, sodium Wenrbonate. In 
maxinnmi maas loss at 3 wcelte. Hcvwevea:. at 9 weeks the the fa^^alia^ of «udi devices, a ^skm" forms at thepolymer 
difliicnce between the contrci and SB specimens was not surfiK*. Using a nJccfaamcal device dr^iHsnl by the invcntOT 
sieaifL:ant (FIG. 4). All the sets echibitcd virmally a 100% ^ ^ tX)n»Etent removal of the skin was achieved. In 
detTcase io molecular weigta at 9 weeks even though they one embodiment, the mechanieal device is a circular ppnt^i 
undenvcai dlfiteiftiit degrees of loss at 3 weeks. The oonhrca with a ahfljp oittiiig odga AH of fee skin of a ro<Uike 
TOd CH flpedmcns caihibited an increase in stimiess at 3 polymeric cylinder was effectively removed by dicins the 
wesks. However, the ^tsefjaess ctf S3 apccipicpfi decreased skin awny. 

0VI7 tins same paiod of time. ITie surface pocodiy of rhe padymcdc irnplant prepared 

Kaasd on gross moiphology observations, SB specimens accordiDg to the present invention is diamatlcaUy improved 
exliihited aigniacant SWelKng oanyarcsd to cootcol sped- by removing the outer layer, Or fikin, i&gia fllC pdymCT 
mens. Significant swelling was also observed in CC spcci- fmplarTt The poious outer snifacc will result in enhanced 
2)^0^ 50 ingress of fluids into the -jmplmit, thus xcsultuig in bcitcx 

release of the IxlfiEieEing agexus. 
TABLE I B is al&o expected that body fluidB (B.g., vascular supplies, 

' marrow, synovial fluid) will be able to enter the implant 

* ' * * * * muQih marc cxpcdicnfly and thus provide the repair sites 

55 wicb migrating eelU (e^.. mesenchymal stem cells, 
choodrocytcs, osteoblasts) or nutrients necessary for tissue 
ingrowth into the pqroos jmplnxiL 

Laycriiig Technique Alkaline Agent Release &om a 
Polymer Coated Implant 
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100 
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% iQvs molecular wctgln Vxsi mcui ± 8.4 



In somebipdcgrBdablc devices, dq^ending on thepdymcr 
'the results demonstrated that all 3 salts invcstigatBd in used for fabrication, the release of acidic by-jfiroducts occurs 
thij BBidy Were 5ucce«9fikl in contmllinK the decrcaie i» pH ss in significant quantities only after an initial incubation 
da*s to the addle degradation products of the copolymei. At period. It would be preferable to provide a mechahism for 
9 litfccks the CC £roiq> cjdiibitcd an average pH of 63 the release of an alkaline agcnt(s) in an amount diat would 



PAGE 51/53 * RCVD AT 5/1812004 4:58:42 PM [Eastern Daylight Time] ' SVR:USPT0-EF)(RF-115 * DNIS:8729306 * CSID:7132388000 * DURATION (mm-ss):18-18 



05/18/2004 16:15 FAI 713238^000 



CONLEY,ROSE 



©052 



5,741,329 

9 10 

p^cvcoix 9Qd<Ifiix cdiaoges in pH tfiat wouM occur as a 'Wbat is dainicd Is: 

a»ii9(^etioCf such as tbrougli th& idease of jnatdiiQg I-AiiKl&odfurprevcatmgcIiaugeslapHfiUaouiit^^ 
azaoi] im of said aUaHnc BgcntCs) at the same «i- flzuilariates. iiopkmablc device compiifiix^ 

would pnTVide ati iinplAiLbble device having pH con- pladng a device cosuprising a pH-controHing sabstancc, 
mil over & ch'nicaTty useful pdiod of (imc ' ^ boA a biode^ad^b& polynKx in an cnvixomD^ ibaEt 

In osdcr to acfaicve an appropdate release rate of an dcgcades tbe tMcffaCMst polytncr; whoeio ivfaen 

aUcaHoe a^t^ the alkaline a^ts may fac inoocporated in caldpolyznez'prodDcea ^cidLC hrcakidown producb, said 

&i iciploAt XD layers. For example, eadi layer oS aDcalinc pH-oontrolliAE substance is an aUcaliiie substance 

ag&nc "ffoiild be ovezlsidl by ^ layer of £bc biodegtadabte (scsciit in on ankount between, about 5^ and abam30% 

polymer, altematfiig aUcaHne agetit layer, poJIymer layer, etc. by votuiue based on tfao volniiio of ihc polymcx, snffi- 

M each layer degrades, the alkalitie or other pE-coflt^UiDg cient to achieve aScalitie material rdease commcqsi]- 

sid^stsiics is xeleased. £h«s controUiiig against an overly i^te with flie 3«tc of ad4ic polymer deetadation jwod^ 

acidic pH BunxfflttJing the ittplaiitov ^ , 

^ ggjg 2^ The method of dann 1 wherclii the p3 controJUiig 

varisly of oonfisuditioiis of the Uyeted polymeric ,s "^^^ ""^^^ ^ * 

^Jlairtmy be mated u3iDfi this tecM^iic and tailoredhfor 3 ^^^^^ ^ 1 ^ Hodeg^adahlD 

tht p-.micmar^beaton deswd. For cx^lc, a base ^^ly^^ potylactic acid, poly^Jycouf acid, 
amoTUit of apH contrdlbng snbsbmcc may be jndiidcd in ^^iyc^^^cb^^\opi:\^ 

polymEDc layers dosest the core of an unplaiit, with sue- 4^ j^^^ ^ cblm 1 i^Aecein the aUalinft aobstance 
cecding layers contafaupg eiflicr progressively lower or 20 is caldom carbonate, sodium Wcaxbcnace, calcium 
hi^te autooats of the pH coaimiUmg tiiibt^ce. . hydroxyapatite, salts thereof, or a mixture thereof. 

i'jttijough the preseqt invention im been dcgcxibjEid in 5. The method of daim 1 wherein (he UodcgradabLc 
sonu clffld by way of ISastratioii ami cxao^e for puiposes polymer mixture include^ a pibarnwcologicd]^ active agent 
of (darlty aad undei^fliidiDjs, it wiQ be obvious ihat certain 6. The method of daim 1 therein the biodegradahls 
diangcs and laodification* may bc; practiced wilbm the as polyiaer is acopolynieraf p<3lylartic«cidBndpofygly<^ 
soDjpe i>f the daims. "dd. 

The lefeicncBS Usted below arc inecnpcraiBd hcrdu by 7* method of dalm 6 wberein the biodegradable 
Tcfctencc to the crtcm mty supplement, explain, pCGvids a polyiocr is a SO%-JO* polylactic arid^>oti?efycoHc add 
badigroQiid for or tcadi methodology, techniques and/or copolymer. 

cottwition* oBployed Herein. 30 merfiod of dum 1 wheceJti iho pH oomrottiag 

substance 15 rdoigcd at aiatcooniBicosiirate with the rate o(f 
' REFERENCES biodegradable poayme* degradation. 

1. Bosii3iaactal.(1987),J.*owt. J, 5«^tf/y, 69-B: 615H519. Ibe method of claim 7 wherein (be controllinfi 

2. ^Inganmna, J. and Alexander, H. (1^3), J, Appl substance is an alkaUnc snbstancc, 

Bkma^rials, 4; 13-27. 35 method of daim 1 whecein the pH-contiol]in£ 

3. Danids ct al. (1^2). Pfoe. Or&iop. pg. 88. suh&tance i» caldmn carboiude inolndcd in an amount of 

4. Taylar ct aL "Six BioadsirbflUler JPoiymera/in about 5% to abont 3096 1^ voJinuc of the polymer. 
Vitro Acute Toxicity of Accunmlated Degractated Th? meihpd of darm 1 whereto the pH confeolUng 
.Matttiak," J. AppL 'd Bio. Matrnth, 5:151-157. substonceii ideased at a rate juffident to maintain a pH of 

5. Ttnctretat (l986)/'Boneiiiscowdi Into Polymer Ooatftd 40 between about 6.0 and abont S.0 surrounding the in^dant* 
Porous Symtbetlc Coxallinc Hydroxyapatite " IEEE/ aWc device. 

^vgtrx^iing in J^ed, And Bid Soc., Aonual Conference, 1^ ^ biodcgnadaMc pH-epntrolled device cooipclsing a 
p^, 1(568-1671. biodegradable polymer and a pH-controHinfi snbstamse, 

d. Ring, J, W., US. POL No. 4.479.91L, Oct 30, 1^, wherein the pH-oocrtroDlng substancg; is dispersed in the 
"FrwBSS forPr^aaiSon of k^crospheces and Modifiea^ 45 biodegradatie polymer; and wheirein when said ptAparx 
tio n of RelAasp Rate of Core Material; JAhdag Altalinlly jpn>dnoes acidie licakdown piodncts, said pH-conifolling 
Ajicni wilh PoJymer-Ccffe'Solycirt Sy=tcm," wbstana; is an aOcatibe Gnbstuics prOAcnt in an amoimt 

7, Kiimimer SJ^, XJJS. PaL No, 4,9$0,16i, (1991) 'Bone between about S% and about 30% by volume based on the 
bnpIaBt with Resorbable Stem Has Blodcgradahte Ancbe^ volnme of the polymer, raffidcnt to achieve alkaline mato- 
wiiii IbiCeriorSuiface to Engage Intmor of Bone Canal." 50 rial rdcase commensurate .with the rate of addic pciymer 

3- Alj^aanetaL (1993), vitro Bxtcnded-picasfePro^ de^dation irodiKt 
ertilcs of Ctnig-Ioaded Poly ODLrlactic add) Nanopartidefi 13* The Modegradibte pH-codtrdllfid device of daim 12 
Prc»dtt.xd by a SaltiogHmr PWecdnic" Pharm. Has, prqwred by a process of: 

10: 12. oombinin^ a biodegrwiable polyzofir and a pH cantroUiDg 

9. YtHinsB et aL (19&8)» **Biodesradable PELA Block ss substance to &m a mixture; 

Cerpo^/siei:^; la vitro ]t>egr«datiQn and Hsne Rcadioa,** - ifotaoing a biodegradable {^^otrolW devtoe from gaid 
Binuut^n ArUf, CeUsAn^. Osms, 16 (4): 705-719. mixture. 

10. Madene et al (1993). "K^eleasc of the GRF29KB2 14. The biodegradable pH-contndlcd device of dacn 12 
Aa,d.o{' of Hqman GKP44NB^ &om a FLA/GA Matrhc,'' iwfacrein ai least pan. of a polymer fucEftce fiboi is removed 
/, Control Release, 24 (1-3): 237-246. «0 trom Si least one sorfncc. 

11. Vascnius et al. (1992X **Do InnamcduUaiy Rods of 15. The dcvici! of daim 12 wherein the pR-ooniTOllecI 
Seir-ninforc^ Poly-Mactlde or Poly-DI/Ui&ctide device is foimcd by cxtnislon molding, die cajtm^r solution 
Catise Lactic Add Acidosis in Rabhiti3?"CU£L Manx gel ca^cmg, preci^tatlon casting or con^vessfon mmriing. 
10(4)JI3-21& Iti. The biodc^^dabU pH-oontroUed dcWce of claun 12 

12. Qilding and Iceed (1979). "^ode^radabte polymexs fcr ss wherein said pH conlroSiQg substance is caldum cnrboaate 
use in 3irgery-polyglyodUc/poly (lactic acid) honui- and present in an amouni between abottt 5% and about 30% by 
cop jlysner^ " Poljiwr. 20:145^1464 Volnmo cf fee polymer. 
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17. j\. method far preventing changes in snrroiiDding 
an iTttptontablc dcvicB nmvtjiWging; 

plaajie a device con^pnsiitg sodlnnx bicubonatc and a 
biodegradable polymer in an cnviroDmcTit fh^t 
dti^fAjdts the biodegradable pol^rmcx: 

Ift. ThQ mc^od of dinm 17 wherein lb« biodegradable 
pol^mifx 15 a 50%?0% polylacdc add^olyglycQlic aod 



12 



ccpatymcx Qnd die sodium hlcaxbonate is indndod in an 
fliQOUnt of about 1% to about 50% by volunic of die 
copolynur, 

19. The ixkcihod of dsnn 1$ whcrciD tb^ sodima bieaf- 
boimie lA iiicliid£d In m amount of about 6% co about 30% 
by volume of the oopoilyiiicT. 
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